INTRODUCTION
Since the discovery half a century ago that glycolipids accumulated in adenocarcinomas, 1 the quest for carbohydrate-based anti-cancer immunotherapies has been relentless. dynamics experiments with NMR experiments on hexasaccharide 2 and 4. We have also studied the conformation of tetrasaccharide 5, a common fragment to both antigens which lacks the fucosyl and galactosyl residues at the non-reducing end.
RESULTS AND DISCUSSION
The orientations adopted around the glycosidic linkages are described below by the dihedral angles: Φ = O5-C1-O1-Cx and Ψ = C1-O1-Cx-Cx+1 and the signs of the torsions are in agreement with the recommendations of the IUPAC-IUB Commission of Biochemical Nomenclature.
13
NMR experiments. NMR data for the hexasaccharides 2 (7 mM) and 4 (4.5 mM) were acquired at 300 K for D 2 O solutions prepared in Shigemi tubes. To achieve better resolution an both for the reducing and non-reducing end trisaccharides ( Figure 1a ). Thus, correlations were observed between: the fucosyls H-1B and H-1B' with the GlcNAc H-3A and H-3A', respectively; the galactosyls H-1C and H-1C' with the GlcNAc H-4A and H-4A', respectively, as well as with the GlcNAc methylenes H-6aA, H-6bA and H-6aA', H-6bA', respectively. The expected correlations between the fucosyls H-5B and H-5B' with galactosyls H-2C and H-2C', respectively, could not be assigned with certainty using selective 1D ROESY as both H-5B and H-5B' gave overlapping signals. However, a 2D NOESY experiment clearly showed the presence of these close contacts (Figure 2 ) which are most characteristic of the Le x "stacked" conformation. Cross-relaxation buildup curves were obtained over 10 mixing times ranging from 20 ms to 350 ms with 5 mixing times chosen between 20 and 100 ms. Normalized buildup curves for the resolved inter-residue correlations ( Figure 1b) were fitted to double exponential equations and used to evaluate inter-proton distances using the isolated spin pair approximation (reference buildup curves are given in the supporting information). 16 As we have previously observed, the apparent slower buildup of signals H-5A' (supporting information), H-3C and H-4C (Figure 1b) upon irradiation of H-1A', resulted from the normalization against the overlapping signals H-1A'
and HDO. The measured inter-proton distances (Table 1) exponential equations and used to evaluate inter-proton distances using the isolated spin pair approximation (reference buildup curves are given in the supplementary information). 16 As for dimLe x , the inter-proton distances measured (Table 2) Selective 1D ROESY experiments were also acquired for tetrasaccharide 5 (128 scans), the experiments and normalized buildup curves are shown in the supporting information. As described above for hexasaccharides 2 and 4, the curves were used to evaluate inter-proton distances ( Table 1) . As previously seen for dimLe Table 3 . Calculated inter-proton distances averaged over r -6 for comparison with experimental distances are given in Table 1 for analogues 1 and 5 and Table 2 Table 3 . Calculated average Φ/Ψ angles for analogues 1, 3 and 5
-69 ± 9 -68 ± 10 2 Ψ B 142 ± 8 141 ± 8 142 ± 7
As can be seen from 12d,e,12i,12k ) antigens which also described these trisaccharides as rather rigid entities with limited flexibility around the glycosidic bonds. The average values of the Φ A' /Ψ A' dihedral angles as well as the associated calculated standard deviations are given in Table 3 (entries 5 and 6). As can be seen from Table 3 and Figure 6 , the ) averaged distances to be compared with NMR data led to very similar distances for all three analogues ( Table 2) .
Comparison of the NMR and molecular dynamic simulations results. As can be seen in Tables 1 and 2 The simulations also suggest that the relative ratios of conformers I and II populated in solution varies with the structure considered. As expected, the smaller pentasaccharide undergoes rapid exchange between the two conformations while the hexasaccharides seem to is known to constitute an important recognition element due to its interaction with aromatic amino acid residues present in anti-carbohydrate antibodies and lectins binding sites. 17, 24 It is interesting to notice that in conformation I of both hexasaccharides (see a and c, Figure 9 ) this patch is extended by the hydrophobic surface defined by H-1, H-3 and H-5
(also shown in purple on .Å gradient convergence criteria was used.
A 10 Å cut-off was set, and non-bonded updates were made every 10 steps. The dielectric constant was set to 1. Then, the entire systems were minimized without any restraints. A 2500 cycle limit was used with 500 cycles of steepest descent followed by conjugate gradient minimization. Afterward, the systems were heated for 20 ps from 0 to 300 K with the saccharides weakly restrained. Time steps of 2 fs were used and translational momentum was removed every 1000 steps. Bonds involving hydrogens were constrained using the SHAKE algorithm with 0.00001 Å tolerance. Coordinates were output every 250 steps. The systems were then equilibrated at a constant pressure (NPT) of 1 atm for 100 ps with no restraints. Finally, dynamic trajectories production runs of 20 ns were carried out at 300 K. The PTRAJ module of AMBER was used to analyze the results.
Nuclear magnetic resonance spectroscopy. Sample preparation Pure samples of hexasaccharide 2 and 4 were obtained from the Consortium for Functional Glycomics and the synthesis of tetrasaccharide 7 has been reported. 28 The purity of all compounds was estimated by and the initial slopes at 0 ms mixing times were determined from the calculated first derivatives:
ref. 16 Interproton distances were calculated based on the isolated spin pair approximation (ISPA):
where S is the initial slope at τ m = 0, and r is the proton-proton distance. 
